Protein kinase C activation modulates pro- and anti-apoptotic signaling pathways.
Activation of protein kinase C (PKC) by TPA in human U937 myeloid leukemia cells is associated with induction of adherence, differentiation, and G0/G1 cell cycle arrest. In this study, we demonstrate that in addition to these differentiating cells about 25% of U937 cells accumulated in the subG1 phase after TPA treatment. This effect proved to be phorbol ester-specific, since other compounds such as retinoic acid or vitamin D3 failed to induce apoptosis in conjunction with differentiation. Only a specific inhibitor of PKC, GF109203X, but not the broad-spectrum kinase inhibitor staurosporine or a tyrosine kinase inhibitor genistein could reverse the induction of apoptosis. Bryostatin-1, another specific PKC activator with distinct biochemical activity failed to induce apoptosis. Moreover, bryostatin-1 completely abolished the induction of apoptosis in U937 cells even if added 8 hours after TPA treatment. Apart from apoptosis induced by various chemotherapeutic drugs, TPA-related cell death is not mediated by an autocrine Fas-FasL loop and could not be prevented by a blocking antibody to the Fas receptor. However, a 75% reduction in the number of apoptotic cells after TPA stimulation was achieved by preincubation with a blocking antibody to the TNFalpha receptor. Tetrapeptide cleavage assays revealed a four-fold increase in the DEVD-cleavage activity in U937 cells compared to a three-fold increase in TUR cells. Immunoblotting demonstrated that TUR cells did not activate significant levels of caspase-3 or -7, whereas in U937 cells a 20-kDa cleavage product corresponding to activated caspase-3 was detectable after 3 d TPA exposure. Moreover, immunoblots revealed a strongly reduced expression of the adaptor molecule APAF-1, which is required for cytochrome c-dependent activation of caspase-9 and subsequently caspase-3. APAF-1 proved to be inducible after PKC activation with phorbol ester in U937, but not in TUR cells. Thus, APAF-1 expression may, at least in part, be regulated by PKC activity and reduced APAF-1 levels are associated with resistance to various inducers of apoptosis. Furthermore, TPA exposure of U937 cells is associated with increased levels of the pro-apoptotic proteins Bak and Bcl-xs, whereas simultaneously a decline in the Bcl-2 expression was noticable.